The ELISA method has many advantages for determining pesticides, e.g. high sensitivity and selectivity. But some disadvantages limit its application. Cho et al. determined the insecticide Fenthion by ELISA. 8 It can not be used to determine several pesticides simultaneously because the reagents, which have high selectivity, may react with several pesticides which have similar structure.
It is common knowledge that fluorescence detection can provide high sensitivity of detection. However, fluorescence detection can not provide high selectivity. A fluorescence signal peak of some material is usually broad, so in multicomponent mixtures the signals will often overlap. This interferes with taking advantage of the superiority of fluorescence and the application of fluorescence detection. But fluorescence detection combined with chemometrics can change the situation. One of the strategies is the collection of an excitation-emission matrix (EEM) fluorescence spectrum of a mixture and combination with multivariate resolution and calibration algorithms. Leal et al. determined triphenyltin in seawater with partial least squares (PLS) regression. 9 PLS is one of the first-order calibration methods, and it requires that the calibration samples and unknown samples have the same chemical composition, which is to say all analytes and interferences in unknown samples must be present in the calibration samples, but it is very difficult to make calibration samples since the interferences are usually unknown. Rodriguez-Cuesta et al. determined three pesticides by PARAFAC, resolving the EEM fluorescence. 10 JiJi et al. resolved the EEM of carbamate pesticides using PARAFAC. 11 Xia et al. determined daunomycin in human plasma and urine using PARAFAC. 12 PARAFAC is one of second-order calibration methods. An advantage is that the interferences in the unknown sample need not be present in the calibration samples. That is to say the analytes can be quantitatively determined even if the unknown sample contains unknown interferences. This has been referred to as the second-order advantage of second-order calibration methods.
Quantification of carbendazim in bananas is difficult if it is not separated from the complicated background, for the profiles of carbendazim and interferences in background completely merge into each other. In the present study, we turn to the second-order calibration algorithms and the so-called secondorder advantage is adequately exploited.
Theory

PARAFAC algorithm
In three-way analysis, there are two kinds of models Tucker model and PARAFAC model. The PARAFAC model, which is also known as the name trilinear decomposition, was proposed by Harshman 13 and Carroll and Chang 14 and has been accepted owing to its consistency with Beer's law in chemistry. The model can be expressed in the following form: 15
Along with the above model, Harshman, Carroll, and Chang proposed an alternating least squares approach (ALS) to solve the above decomposition problem. ALS at first assumes the loading matrices in two modes and then estimates the unknown parameters of the third mode. This is advantageous because the algorithm is simple to implement, and simple to incorporate constraints in, and because it guarantees convergence. 16 Due to this superiority, the method has been accepted and used widely in chemistry.
The PARAFAC algorithm is preferable in practice to noniterative methods because of the second-order advantage and its favorable statistic merits, such as optimal unbiased estimations of the final results in least square sense. However, PARAFAC requires an accurate estimation of the number of underlying factors in the system studied. Either overestimation or underestimation of the number of factor will lead to wrong results. In this paper, the core consistency diagnostic, which was proposed by Bro, 17 was chosen to estimate the number of underlying factors. Bro defines a function as follows:
where gijk is the element of the core matrix calculated using the Tucker3 model, tijk is the element of the three-way matrix (the core matrix which is obtained in Tucker3 model when the correct number of factors is chosen) whose elements in superdiagonal are 1 and whose others elements are 0.
SWATLD algorithm
The algorithm, based on PARAFAC model, was proposed by Chen 18 et al. It alternatively minimizes three objective functions with intrinsic relationship rather than the objective function of PARAFAC. The authors said the algorithm has the features of fast convergence and being insensitivity to the excess factors used in calculation. Due to the unique optimizing
scheme, the algorithm is more efficient than the ordinary PARAFAC algorithm. Espinosa-Mansilla et al. 19 and Arancibia et al. 20 indicated that SWATLD gave better prediction results than PARAFAC.
APTLD algorithm
This algorithm, based on PARAFAC model, was proposed by Xia et al. 21 recently. It is performed by utilizing alternating least squares principle and the alternating penalty constraints to minimize three different alternating penalty (AP) errors simultaneously. The authors indicate that the algorithm can avoid the two-factor degeneracy and can relieve the slow convergence problem and that it is insensitive to the estimated component number.
Figures of merit
For comparison of the performance of various methods, the figures of merit such as limit of detection, sensitivity and selectivity etc. are employed regularly. In one study the calculations of the sensitivity and selectivity in the article 22 were adopted. There are two ways to obtain sensitivity and selectivity. One is MKL form, where the equation is
Selectivity is the ratio between sensitivity and total signal. So the selectivity can be simply obtained by dividing the Eq. (3) by kn. Limit of detection (LOD) can be calculated as
Here s0 is the standard deviation of the concentration estimated for 3 different blank samples.
Experimental
Apparatus All fluorescence measurements were done on a Hitachi F-4500 fluorescence spectrophotometer with 10 mm quartz cells.
The extract was concentrated by EYELA rotary evaporator N-1001 with EYELA water bath SB-2000 and SHIDING SHB-III vacuum pump. The spectra data were imported to Matlab environment. The programs of the PARAFAC, SWATLD, APTLD algorithms and linear regression programs were homemade. All programs were run on IBM compatible microcomputers.
Reagents
Carbendazim was bought from J & Kchemica. Ethyl acetate (analytical grade), anhydrous sodium sulfate (analytical grade) and methanol (HPLC-grade) were purchased from Yufeng (Changsha, China).
Bananas were bought at a local supermarket.
The standard solution of carbendazim (55 μg/ml) was prepared by dissolving 5.5 mg of carbendazim in methanol in a 100 ml volumetric flask and this was seen as the stock solution. The solution was stored in a refrigerator at 4˚C, and the working solution (11 μg/m) was made by diluting 20 ml stock solution into a 100 ml volumetric flask.
Extraction
Each banana was peeled. The extraction method, which the author made reference to in earlier article, 23, 24 is as follows. Fifty grams of chopped banana which has been peeled were 1174 ANALYTICAL SCIENCES OCTOBER 2007, VOL. 23 placed in a 250-ml glass beaker, and 100 ml of ethyl acetate and 50 g of anhydrous sodium sulfate were added. Then the contents were stirred during 10 min, and the mixture was settled for 20 min. The supernatant was filtrated into a 500-ml rotaryevaporation flask. The solid was again mixed with 50 ml ethyl acetate, and filtrated again. The filtrate was mixed with the first extraction fraction. The beaker was rinsed thrice by using 25 ml ethyl acetate. The filtrate was collected into the rotaryevaporation flask.
The filtrate was evaporated to less than 5 ml at a temperature of 35˚C using rotary evaporator under reduced pressure, and then the extract was passed to a 10-ml centrifugal tube and evaporated to dryness using a stream of nitrogen. Finally, the residue was dissolved in 10 ml of methanol into a 10-ml volumetric flask.
Procedure
Nine samples, 6 for the calibration samples and 3 for test samples, were prepared with concentrations being spaced within the range 7.70 × 10 -5 -4.95 × 10 -4 g l -1 . Samples were made by appropriate dilution of the working solution in methanol.
The extract of peeled banana was regarded as a blank for the pesticide since carbendazim was not detected in the extract in this study. Six prediction samples were made with carbendazim concentrations (1.43 × 10 -4 -4.18 × 10 -4 g l -1 ) within the range of calibration samples.
Appropriate volumes of working solution and 0.1 ml of the banana extract were mixed and added to 10 ml volumetric flasks and diluted to the mark with methanol. Table 1 lists the concentration of carbendazim in the calibration set, test samples, and prediction samples.
All the samples were measured at excitation wavelengths from 228 -284 nm at 2 nm steps and the emission wavelengths from 285 -413 nm at 4 nm steps. The excitation and emission monochromator slit widths were 5 nm and the scanning rate was maintained at 1200 nm/min. For each sample we obtained an EEM spectrum with dimensions 33 × 29 (excitation wavelength × emission wavelength).
Discussion
The calibration and prediction process of the second-order calibration algorithm
In the calibration step, the dataset including calibration dataset and test dataset is decomposed using the second-order calibration algorithm. Then three matrices A, B and C were obtained: These are also known as emission mode, excitation mode and sample mode, respectively. The elements of C are relative concentrations of pesticides in the samples. The Cprofiles for calibration samples are regressed against the actual concentrations to get the calibration function about the analyte.
To validate the calibration function we predict the concentrations of the analyte in the test samples by interpolating the C-profiles for the prediction samples into the function. If the result is satisfactory, we think the calibration model is reliable. Then in the prediction step the process is similar to that in the calibration step. The dataset including calibration dataset and prediction dataset is decomposed. Then we obtain the calibration function and the concentrations of analyte in the prediction samples.
Number of factors
As describe in the previous sections, before one applies PARAFAC algorithm the number of factors should be identified. In this paper the core consistency diagnostic was chosen to find the correct number of factors.
All the data (33 × 29 × 12) including 6 calibration samples and 6 prediction samples were processed by the method with the number of factors from 1 to 6. From the method we get the values of core consistency at different numbers of factor and we show them in Fig. 1 . When the number equals 1 or 2 or 3, the values of the core consistency were near 1 and this means the models were trilinear. When the number was 4 or 5, the values reduced drastically and the models were not trilinear. So the number should be 3. Chemically, the conclusion is reasonable. The prediction samples are composed of the carbendazim and the extract of banana, and the fluorescence data are the addition of the fluorescence signal of the 2 parts. However, the banana extract is not a simple solution with only one solute, there may be 2 fluorophores or more, and the PARAFAC algorithm interprets them as the 2 factors.
However, for SWATLD and APTLD, due to the advantage of being insensitive to excess factors, the determination of the number of factor is easier than for PARAFAC. In other words, SWATLD and APTLD require that the number adopted is not less than the correct number in some degree. This superiority over PARAFAC is convenient when the identification of the number is difficult using the core consistency diagnostic method or some other method.
Although there are many methods to find the number, none of them can guarantee the validity of the result under all circumstances.
Partial uniqueness property for the PARAFAC model
In the prediction step, according to the result of the core consistency diagnostic, the numbers of factors adopted in 1175 ANALYTICAL SCIENCES OCTOBER 2007, VOL. 23 Table 1 The concentration of carbendazim in the calibration  set, test samples and prediction samples   1  77  7  165  10  143  2  110  8  275  11  198  3  220  9  385  12  253  4  330  13  308  5  440  14  363  6  495  15  418 Test set Prediction set Calibration set
Sample
Added/ ng ml -1 Sample Added/ ng ml -1 Sample Added/ ng ml -1 Fig. 1 Core consistency plot about the prediction samples.
PARAFAC, SWATLD and APTLD are all 3. After the data are decomposed by PARAFAC, SWATLD and APTLD, the emission mode and excitation mode were obtained and shown in Fig. 2 . From the maps we found that although the profiles of carbendazim in the 3 maps were all the same, the other 2 profiles of background were not consistent with each other. This was a very strange phenomenon for second-order calibration method due to the uniqueness property of the PARAFAC model. This property means that it is impossible to rotate the loadings A, B and C without changing the fit. 15 However, in this study, the A, B and C obtained by different algorithms were different. There was a condition to PARAFAC model to give unique parameter estimates. The condition is,
where kA, kB and kC are the k-ranks of the A, B and C, respectively. R, which is the number of factors, was equal to 3. kA and kB were 3, too, but kC was 1 because there were 2 columns associated with the interferents in the C-profiles. So the condition was not met and uniqueness was not guaranteed. But there was still the partial uniqueness property for the PARAFAC model. Therefore the analyte of interest can be quantified and its profiles can be recovered uniquely. However the profiles of interferents can not be obtained uniquely. Figure 3 shows the three-dimensional plot of absorbance for the sample 14. It shows that the absorbances of carbendazim and banana completely merge into each other. Quantification of carbendazim directly in bananas is difficult without separation treatment.
Data analysis
In the calibration step, we analyzed the calibration samples and test samples to get the calibration function and to validate the samples. According to the calibration function, good results about concentration of carbendazim in test samples were obtained using the three algorithms. The average recovery was about 100%, and this value proved the reliability of calibration samples to construct calibration model.
In prediction step for quantification of carbendazim in banana, the data array (12 × 33 × 29) including 6 calibration samples and 6 prediction samples was decomposed by the 3 algorithms and Fig. 2 was obtained. The figure indicates that the profile of carbendazim overlaps with the profiles of the background, whether excitation profiles or emission profiles, and it is very difficult to directly determine the carbendazim in banana samples without the combination with chemometrics methodology. The concentrations of carbendazim in prediction samples were obtained according to the previous description. The results with recovery are shown in Table 2 .
The figures of merit including RMSEP, REP, SEN, SEL, LOD and LOQ are shown in Table 3 . The parameters indicated that the three algorithms all could give satisfying results. An examination of Tables 2 and 3 shows that PARAFAC and APTLD gave more precise results than SWATLD. However, SWATLD is less sensitive to the number of factors selected 1176 ANALYTICAL SCIENCES OCTOBER 2007, VOL. 23
Fig . 2 Resolved emission spectra profiles (A) and excitation spectra profiles (B) of carbendazim (m), interferents (, and .) using PARAFAC, SWATLD and APTLD when the factor number was chosen as 3. Fig. 3 The three-dimensional plot of the EEM fluorescence data array for sample 14.
than PARAFAC. Considering all this, we think APTLD may be a better choice than PARAFAC or SWATLD when one has difficulties to select the number of factors.
Conclusions
In this study, quantification of carbendazim in bananas using EEM fluorescence coupled with the three second-order calibration methods was done and a new method for the analysis for residue of some pesticides was proposed. The method does not require complete separation of analytes, therefore, it can simplify the sample disposal and minimize the cost and time.
For the superiority of the second-order advantage, the three algorithms can give satisfactory results with serious interference in the banana samples. This study illustrates again that the combination of EEM fluorescence with second-order calibration method produces a powerful tool for quantification of analytes in complex samples. The root mean square error of prediction (RMSEP) is determined as: 
